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EDITORIAL
Nephrin sends us signals
Appreciation of the importance of the podocyte in glo-
merular physiology and pathology has accumulated rap-
idly in the last few years. The explosion in podocyte re-
search was initiated by the identification of the gene
mutated in autosomal-recessive congenital nephrotic syn-
drome of the Finnish type [1] by using a positional cloning
approach. The predicted protein product of this gene is
nephrin, and its importance has been confirmed by the
fact that nephrin “knockout” mice also develop severe
early onset nephrotic syndrome [2]. In normal kidney,
nephrin is located at the slit diaphragm between adjacent
podocyte foot processes. Its predicted protein structure
suggests that it is a transmembrane protein with a long
cytoplasmic domain that has numerous tyrosine residues,
suggesting a role in intracellular signaling. The identifica-
tion of nephrin was soon followed by description of an-
other podocyte-specific gene, podocin, which is mutated
in a different form of autosomal-recessive early onset ne-
phrotic syndrome [3]. Mice in which the podocin gene is
specifically inactivated also develop severe early onset
nephrotic syndrome [4]. The distribution and localization
of podocin in normal kidney is similar (although not iden-
tical) to that of nephrin [5].
The fact that homozygous mutations in nephrin or po-
docin consistently result in severe nephrotic syndrome
provides clear evidence that there is a vital role for these
molecules, and/or other molecules that interact with them,
in regulation of glomerular permeability to protein. The
precise mechanisms of their effects have yet to be conclu-
sively elucidated. Two recent studies have addressed this
issue at a cellular level using transfection techniques. Huber
et al [6] used embryonic kidney cells (HEK293) trans-
fected with the nephrin and podocin genes and showed
that these two proteins collaborate in delivery of a signal
leading to activation of transcription factor activating pro-
tein-1 (AP-1). The paper by Lahdenpera et al [7] in this
issue of Kidney International takes the story a little further.
They transfected HEK293 cells with the nephrin gene
and then used anti-nephrin antibodies to cluster the neph-
rin on the cell surface. This resulted in phosphorylation
of nephrin itself, and also of a 46 kD protein that was
co-immunoprecipitated with nephrin. Lahdenpera et al
[7] provide evidence that Src family kinases are impor-
tant in these signaling events involving nephrin. Another
recent study [8] confirmed this for one member of the
Src family, Fyn.
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So where do we stand regarding the structure and func-
tion of nephrin and podocin in the podocyte? It is clear
that these proteins are capable of delivering intracellular
signals. However, these studies have been performed in
transfected cells, not in podocytes expressing the endoge-
nous genes. Our own work in Bristol with a normal
human podocyte cell line has shown that these cells ex-
press both nephrin and podocin and that these proteins
are closely colocalized, intimately related to the podo-
cyte actin cytoskeleton [9]. It will be interesting to dis-
cover whether similar signaling events take place in hu-
man podocytes. We have also derived podocyte cell lines
from individuals with congenital nephrotic syndrome
due to mutations in nephrin and podocin [9]. These cells,
effectively a set of human “knock-out” mutants, will be
valuable reagents for the further dissection of the precise
role of nephrin and podocin in podocyte biology. How
and when nephrin delivers a signal in vivo remains un-
known, as does the identity of any ligands for nephrin.
A possible clue is provided by recent work showing that
nephrin associates with itself and with another protein,
called Neph1, forming hetero-oligomers [10, 11]. We know
even less about any role for disordered nephrin signaling
in podocyte dysfunction in disease states. The story of
the role of nephrin, podocin, and other podocyte-specific
genes has advanced rapidly in the last few years, but
there is still a feeling that we are only just setting out on
the road. Fertile areas for future research include analy-
sis of the nature and consequences of signals delivered
via nephrin in the podocyte, the ways in which this can
be disturbed in disease states, and the therapeutic poten-
tial of measures aimed at restoration of nephrin signal-
ing. Our goal is to bring this new understanding of the
importance of the podocyte and its specific genes to fru-
ition by devising novel therapeutic strategies that will
benefit patients afflicted by nephrotic syndrome. This tar-
get is rapidly coming into focus; there is optimism that
the pages of this and future issues of Kidney International
and other journals will bring genuine new hope for our
patients.
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